We employ individual-level panel data on students with disabilities in Florida to determine the relationship between high school teacher quality and the likelihood a student drops out and the type of diploma they receive if they do finish high school. Our data include five cohorts of 9 th graders from 1998/99-2002/03 and link students to individual teachers for each class the students are enrolled in at every grade level. We use both competing risks proportional hazard Cox model and propensity score matching to estimate the effect of teachers. We find some evidence of significant negative correlations between teacher experience and the likelihood of dropping out of high school and between drop out probabilities and teachers with advanced degrees. Competing risks analysis show that special education certification for teachers of special education classrooms leads to both higher hazard of obtaining special education diploma and lower hazard of obtaining standard high school diploma. The average treatment effects on the treated (ATT) show that study-defined high quality teacher exposure during high school career leads to lower dropout rate and higher probability of graduating with diplomas.
I. Introduction
The high dropout rate of high-school students, particularly those in so-called -drop out factories‖ in which 60 percent or fewer of entering freshmen make it to the 12 th grade, has raised alarm among educators and policy makers. However, the numbers for the general high-school age population pale in comparison to the extent of drop out among youth with disabilities. In 2003-04 31.1 percent of students with disabilities ages 14 to 21 had dropped out of school (U.S. (2009)), while the dropout rate for all youth was two-thirds lower, at 9.9 percent (Cataldi, Laird and KewalRamani (2009) ). 1 The high dropout rate is associated with subsequent educational and employment outcomes as well. Among students with disabilities, 50.8 percent who complete high school enroll in some sort of post-secondary institution within four years of leaving high school while only a third as many non-completers (16.6 percent) do so (Newman, et al. (2009) ). Similarly, 61.0 percent of students with disabilities who completed high school were employed whereas only 40.7 percent of drop outs reported being currently employed (Newman, et al. (2009) ).
Department of Education
Although the high school dropout rate and subsequent poor post-secondary educational and employment outcomes for youth with disabilities have not gone unnoticed, existing research focuses on the efficacy of vocational and other high school transition programs targeting students with disabilities. In contrast, virtually nothing is known about the affects of more general educational inputs on educational attainment of students with disabilities. Using the competing risks proportional hazard Cox model supplemented with propensity score matching method, we 1 There are no consistent definitions or methods of calculating dropout rates among students with and without disabilities. See a recent review of this issue by Kemp (2006) .
investigate whether enhancements to the training of teachers who instruct special-education students can reduce drop out and improve educational attainment for students with disabilities.
II. Previous Literature

A. Teacher Quality and Educational Attainment of Regular Education Students
Numerous recent studies have analyzed the relationship between teacher quality and student achievement and conclude that teacher quality is the most important school-related factor in determining student achievement (e.g. Rockoff (2004) , Hanushek, et al. (2005) , Rivkin, Hanushek and Kain (2005) , Kane, Rockoff and Staiger (2006) , Aaronson, Barrow and Sander (2007) ). In comparison, there are few studies that consider the impact of teacher quality on the likelihood a student drops out of school. Using data from the National Educational Longitudinal Survey of 1988, Rumberger (1995) estimates a logit model of drop out and finds that teacher quality (as reported by students) is negatively correlated with the likelihood of dropping out in 8 th grade. More recently, Koedel (2008) uses micro-level panel data from four San Diego high schools to investigate the impact of individual mathematics teachers on the likelihood a student will not complete high school. Employing an innovative instrumental variables strategy, he finds that the identity of one's teachers does influence the probability of dropping out. However, the magnitude of teachers' effects on high school completion is unrelated to their effects on student achievement or teacher -value added.‖ Koedel also analyzes the effect of teacher credentials on student drop out probabilities. He finds that in two of the four schools studied, being exposed to an above-average number of math teachers with advanced degrees decreases the likelihood of drop out, but not in the other two high schools. Exposure to teachers with undergraduate degrees in math, to fully-certified math teachers or to experienced math teachers are not significantly related to the probability of drop out.
B. Dropout Decision and Educational Attainment of Special Education Students
Several studies in the special education literature have investigated the effects of high school programs on dropout and graduation outcomes for students with disabilities. Many of the studies, however, involve small samples of students or focus on a specific programmatic intervention. Few consider the possible endogeneity of program participation or course selection by students.
Two studies, Benz, Lindstrom and Yovanoff (2000) and Sinclair, Christenson, and Thurlow (2005) consider school-related factors associated with dropping out or receiving a high school diploma. The later study is notable because it employs an experimental design while the former utilizes logistic regression with limited controls for observable student characteristics.
The samples in both studies are relatively small, 164 students with emotional or behavioral disabilities in Sinclair, Christenson and Thurlow and 709 students with a variety of disabilities in Benz, Lindstrom and Yovanoff. Benz, Lindstrom and Yovanoff find that the length of participation in a program that provides transition services (including instruction in academic, vocational, and independent living areas) and meeting multiple transition goals are positively correlated with receipt of a regular high school diploma. Similarly, Sinclair, Christenson and Thurlow find that participants in a program that monitored student progress and provided individualized academic interventions were less likely to drop out from high school than the control group of non-participants.
C. Special Education Teacher Training and Classroom Practice
While there have been no studies that estimate the effects of teacher quality on educational attainment of students with disabilities, there is some recent evidence on the relationship between the training of special education teachers and their classroom practice.
Using classroom observations and principal ratings, Sindelar, Daunic and Rennells (2004) find that graduates of a traditional special education teacher program had superior classroom practices compared to their counterparts from a university-district partnership and from a district -add-on‖ program. Nougaret, Scruggs and Mastropieri (2005) find similar results indicating that traditionally licensed teachers are better than emergency licensed teachers on several dimensions such as planning and preparation, classroom environment, and instruction.
III. Econometric Models and Estimation Strategies
A. Competing Risks Proportional Hazard Cox Model
A student's choice of whether to complete high school or to drop out can be modeled in two ways. One method is to consider the single binary outcome of whether or not a student completes high school over some fixed period of time. This is the approach taken by Koedel (2008) in his analysis of teacher quality and high school completion, as well by various studies that compare high school graduation probabilities between public and private schools (Evans and Schwab (1995) , Krautman (1995), Neal (1997) , Altonji, Elder, and Taber (2005) ).
An alternative to the cross-sectional comparison of whether a student successfully completes high school within a given time period is to conduct a survival analysis that considers both the incidence of dropping out and when (i.e. at what grade level) the non-graduation departure from school occurs.
There are a couple of advantages to modeling the dropout/graduation choice in a survival analysis framework, rather than as a single discrete choice. First, the binary approach does not distinguish when dropout occurs; 10th-grade dropouts are treated the same as 12th-grade dropouts. Second, survival analysis allows varying impacts of teachers at different grade levels.
For example, a well-trained special education teacher might be more effective at keeping students with disabilities in school when the students are freshman than later in their high school careers. Due in part to data constraints, only two prior studies, Mensch and Kandel (1988) and Upchurch and McCarthy (1990) , and have used survival analysis to examine high school dropout decisions.
High school completion can take many forms, particularly for special education students.
The most common way in which students complete high school is attainment of a regular high school diploma. For some students with disabilities, IEP team may waive the FCAT requirement for graduation. These students will obtain the standard diploma via FCAT waiver route, alternative test, or college or career preparation routes. We define these standard high school diplomas as -alternative standard diploma‖. In Florida and most other states, additional graduation options exist for students with disabilities. Special education students who cannot meet the requirements for a regular diploma may obtain a special education diploma by completing a minimum level of course credits and achieving mastery in various areas such as functional academics, independent functioning, social/emotional behavior and communication.
The special education diploma is designed to prepare students for adult living and employment after graduation. It does not qualify students for entrance to institutions of higher education.
There are two options under the special diploma with option 1 geared towards completing minimum course requirements. Special diploma option 2 is a venue for those who are employed at or above minimum wage for at least one academic semester. Next down the list, students may obtain a General Equivalency Diploma or GED. In addition to regular diplomas, GEDs and special education diplomas, students may receive a -certificate of completion,‖ indicating that they completed high school but did not meet the standards for a degree or simply no longer attend high school because the reach the maximum age of 22.
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We separate the possible outcomes for students with disabilities into seven broad categories-dropping out, getting GED, getting certificate of completion, obtaining special diploma option 2, special diploma option 1, alternative diploma, and standard diploma. In particular, we model the probability of special education students graduating conditional on not having dropped out between 9th and 12th grade. Such question lends well to the semi-parametric Cox proportional hazard model where the dependent variable is time until the occurrence of event or the rate of failure per time unit in the interval [t, t + t], conditional on survival at time t.
The semi-parametric Cox model does not force the baseline hazard to take on any particular distribution unlike the parametric survival models. The non-negative random number time t here refers to the time period since first entry into 9th grade. Since some special education student may repeat a grade, time t will not necessarily corresponds with the actual enrollment grade. Our sample consists of cohorts entering grade nine at different point in time. The length of time that a student appears in the dataset will vary accordingly depending on the entry year. Our dataset is an unbalanced panel dataset with each student having multiple observations up to the period where the event of interest occurred. There are three sets of independent variables. X i includes time-invariant student characteristics such as race, sex, Limited English Proficiency status, eligibility for free or reduced lunch, cohort dummies, and types of disabilities. is a vector of course-taking patterns for special education students in grade nine. Specifically, we include one dummy variable to indicate whether the student took the standardized math test in grade eight and the score therein, one indicator variable to indicate whether the student were taught in separate settings in grade 9, and minutes spent in four types of classrooms-special education math/ English language arts and general education math/English language arts in grade 9. includes the set of variables of interest-time-varying teacher qualification indicators. For both special education and general education classrooms, we include teacher's experience dummy variables for zero to two years of experience and for 3 years to 9 years of experience. We also include binary variables for whether a teacher has advanced degrees, certification in special education, and certification in high school math.
The regression coefficients are estimated separately and may differ for each type of event such as dropping out (j=1), special diploma option 1(j=5), or standard high school diploma (j=7).
The coefficients of interest are namely the effect of the teacher qualifications on the subhazard function of event j. We will be able to test whether teacher's particular qualifications such as special education certification is correlated with the decision to drop out or graduating.
The subhazard ratio will be interpreted in the same fashion as the odds ratio. If the subhazard ratio (say =0.30) is less than one, the effect of having teachers with certain qualifications will lead to reduction in subhazard for event j(say j=1, dropping out) by 70%(1-subhazard ratio=1-0.30). On the other hand, if the same subhazard ratio (say =1.82) is greater than one, the effect of having teachers with certain qualifications suggest an increase in subhazard for event j (say j=8, obtaining the standard high school diploma) by 82%.
Instead of focusing on each dimension of teacher quality, we come up with two summative measures of high quality teacher. These indicators span the whole high school career for students. We measure whether a student has had any high quality teachers in their high school career. A high quality special education teacher in special education classroom is defined as someone with advanced degree, special education certification, and more than five years of experience. A high quality general education teachers in general education classroom is defined as someone with advanced degree, high school math certification, and more than five years of experience. Since the placement setting may change from one year to the next for a particular student, we also created a binary indicator to indicate the exposure to either type of high quality teachers.
B. Addressing Selection Issues-Propensity Score Matching
In any non-experimental investigation of the effects of teacher quality, there is potential for selection bias due to non-random assignment of students to schools, student sorting across different courses, and non-random allocation of teachers to classrooms within a subject. These problems are magnified in the special education context where students with more severe impairments are typically tracked into separate special education courses and less significantly impaired students are more likely to be mainstreamed with the general student population.
Further some teachers of regular education may have a disproportionate number of students with disabilities in their classes either because they are more willing or more able to instruct students with disabilities who are mainstreamed.
We employ propensity score matching to attempt to address the non-random sorting of students into classrooms and teachers into classrooms (Rosenbaum and Rubin(1983) , Dehejia and Wahba (1999)). 4 We include a variety of observable student characteristics, including eighth grade test scores, disability category, student demographics and students' allocation of time (minutes spent in each type of classrooms) between regular education and special education courses when they first enter high school( and terms in equation (1)). Conditional on these time-invariant student characteristics, we estimate a logit model of the probability of being -treated‖ or ever being taught by a high quality general education teacher or a high quality special education teacher. Students were then matched based on the estimated propensity score or the probability of exposure to high quality teacher. Thus, we have a control groups based on students' pre-treatment characteristics. The difference in outcomes such as dropping out will be the differences between the mean outcomes for -treated‖ group or students who were exposed to high quality special education teacher and the mean outcome for -control‖ group or students who were similar to the treatment group in all of the observable dimensions. Propensity score matching provides an estimate of the average treatment effect for the treated (ATT). We also provide the corresponding ordinary least square (OLS) estimation that includes the dummy variable of ever being taught by a high quality teacher. The coefficient for the binary variable of being taught by high quality teacher will provide the sample average treatment effect (SATE).
Since OLS estimation assumes the exogeneity of treatment, we prefer the ATT on two grounds.
First of all, OLS estimation leads to inconsistent and biased estimation of the effect of being treated when exogeneity assumption is violated (Guo and Fraser (2010)). Secondly and more importantly, we are interested in the treatment effect on those actually received treatment.
IV. Data and Sample Selection
The data requirements for analysis of the effects of teacher quality on educational attainment are substantial. Student records must be linked over time and contain information on high school enrollment. Further, student records must be linked to information about the teachers who instruct them. The difficulty in matching student and teacher records is exacerbated in special education, since students with disabilities often have multiple teachers within a given subject.
To meet the challenges of linking teachers to students and students to high school and post-secondary outcomes, we employ a unique statewide database from Florida. The Florida Education Data Warehouse (FLEDW) contains individual-level longitudinal data for the universe of public school students and teachers in the state from 1995 forward, including about 400,000 special education students each year. Furthermore, the Florida data contain the entire enrollment record for each student, including the minutes per week spent in each classroom. Thus we can determine each and every teacher a student is exposed to and time spent with each. The FLEDW includes withdrawal information for students when they leave public school as well records of diplomas and other educational awards. The combination of withdrawal and award information allows us to delineate high school drop outs and the type of diploma received by high school completers.
A. Student Characteristics
In our analyses we employ a variety of covariates to control for the ability of students when entering high school. To capture both ability and the effect of pre-high-school educational inputs, we also employ eighth-grade test score information for students entering ninth grade. We use scores from the math and reading -Sunshine State Standards‖ Florida Comprehensive Achievement
Tests (FCAT-SSS). 7 The FCAT-SSS is a criterion-based exam designed to test for the skills that students are expected to master at each grade level. The minimum score is 100 and the maximum is 500. Given that many students with significant intellectual impairments do not take the FCAT-SSS, we utilize two variables in our analysis. The first variable is an indicator for students who were enrolled in a public school in eighth grade, but did not take the exam. The second equals the student's test score and is set to zero if the student didn't take the exam.
As an additional control, in most of the models we also include a measure of the student's schedule in the first semester of ninth grade. Specifically, we follow the categorization used on student's individualized education plans (IEPs) and employ an indicator for students who spend 40 percent or less of their instructional time in classes with non-disabled peers. Typically these are students with more severe impairments.
B. Matching Students to Teachers
Matching students with their teachers and determining which teachers are responsible for instruction is particularly challenging in the case of special education. Students with disabilities often take both regular education and special education courses in the same subject at a point in time, though this is more of an issue in primary school where mainstreaming is more common.
At the high school level, students may also take multiple regular education courses in a subject.
Similar to our previous work on student achievement (Feng and Sass (2009) ), for each student in each year we track every course they take in a subject (math and English-Language Arts (ELA)).
From this we determine the identities of the teachers teaching the subject-relevant regular education and special education courses. 8 If a student has a single teacher for their regular education courses in a subject throughout the year, we designate that teacher as their -solely responsible‖ regular education teacher. Similarly, if all of their subject-relevant special education courses are taught by a single teacher, that teacher is deemed to be their -solely responsible‖ special education teacher in the relevant subject. When measuring the characteristics of teachers, only student-year observations where there is a solely responsible teacher are used in the analysis.
The measurement of teacher characteristics depends on the type of analysis. In our competing risks proportional hazard analysis, we measure the characteristics of the specific solely responsible regular-education and special-education teachers a student encounters each year they are in school. In the competing risks analysis, we examine both the specific characteristics (experience/certification/advanced degree) of teachers and an overall teacher quality measure as explained in methodology section. In our propensity score matching analysis, we create a time-constant measure for exposure to high quality teachers that examine the whole high school career of the student instead of the time-varying teacher characteristics used in competing risks analysis.
C. Teacher Characteristics
Not only is the FLEDW a rich source of student information, it also provides a wealth of information on teachers as well. For each Florida public school teacher the FLEDW provides their basic demographic characteristics (age, sex, and race/ethnicity) and years of teaching experience. The FLEW also provides data on each teacher's certification status (professional or temporary), subject area certification (eg. special education) and whether they possess an advanced degree. Ceritification. As a crude measure of teacher ability, we measure whether or not a teacher passed the general knowledge math and reading exams on the first try.
D. Student Outcomes
For all students, whether they take standardized tests or not, we determine if they complete high school and the type of the diploma they receive. For those students who do not complete high school we can also determine when they drop out. Complete information on high school enrollment and diplomas is available in the FLEDW. Not only do the enrollment records indicate when a student leaves a Florida public school, the reason for withdrawal is also indicated. Thus, for example, we can determine if a student left to attend a school in another state or if she left with no intention of returning to school. There are multiple diploma options in Florida. For students with disabilities the top four most common are: standard high school diploma, alternative diploma, and special diploma (option1 and 2).
E. Sample Coverage
The available data cover five cohorts of students of first-time-in-9 th -grade students. 
V. Results
A. Descriptive Analyses
Descriptive statistics for the five cohorts of high school students with disabilities are provided in Table 1 . Students with disabilities are dis-proportionally African-American and from low-income families. Also, at the high school level, boys are much more likely to be in special education than girls. About 30 percent of 9 th graders with disabilities did not take either of the standard achievement exams in 8 th grade and about the same proportion spend most of their school day in special education classrooms separate from their non-disabled peers.
Students with specific learning disabilities make up the vast majority of students receiving special education services. Not surprisingly, the group of students that is most distinct are those with intellectual disabilities. About 70 percent of students with mental impairments did not take standardized exams in 8 th grade and spend most of their day separated from their typical peers. The majority of students with intellectual disabilities are black and nearly 80 percent come from low-income households. The disparity between students with intellectual and other disabilities is highlighted in Figure 1 , which shows the 8 th grade test performance of students by disability category. While the modal outcome for students with disabilities is about one-half to three-quarters of a standard deviation below the mean for the overall population of students, the modal performance of students with intellectual impairments is nearly two standard deviations below the population mean. While significant numbers of students with disabilities score at the minimum level of standardized exams, a much larger proportion of those with mental disabilities achieve only the minimum score.
Average outcomes for students by disability category are provided in Table 2 . In total, we have 130,114 students with disabilities. At the end of the follow-up period in 2005/06, some students are still attending public schools (41.4%). About 12 percent of students with disabilities drop out of high school while 22% of them obtain a standard high school diploma. Another 6% obtain the standard diploma via FCAT waivers or college preparation courses (alternative standard diploma) while 14.4% of them obtain special diploma option 1. Students with behavioral or emotional disability have the highest dropout rate of 16.6%. The percentages of students who graduate with special diploma are highest among students with mental disability and students with physical disability at 38.3% and 22.3%. The percentages of students who graduate with standard high school diploma are highest among students with specific learning disability and speech-language disability (27.5% and 33.9%). Table 3 provides descriptive information for the teachers of students with disabilities.
We characterize teachers by the courses they teach, not by their certification. Thus -special education teachers‖ are those teachers who have taught one or more special education courses while -regular education teachers‖ are teachers who do not teach any special education courses.
While high school math teachers are more likely to be male than are ELA teachers, in both subject areas a higher proportion of regular education teachers are male. Special education teachers have about a year less experience on average than do regular education teachers, which is consistent with the greater level of attrition among special education teachers. National Board for Professional Teaching Standards (NBPTS) certification and advanced degree attainment are comparable between special education and regular education teachers, though the SAT scores of special education teachers tend to be lower, particularly among math teachers. This disparity also shows up in the lower average first-time passage of the math general knowledge certification exam.
B. Competing Risks Proportional Hazard Cox Results
There are still much debates about the best placement for special education students in terms of whether it benefit students to be mainstreamed ( Holcutt,(1996); Singer, et al. (1986) ;
Zigmond (2003)). Though our paper does not directly address the issue of placement, the setting where students receive instruction is of importance for our analysis. In particular, we estimate our model using three distinct instructional settings, special education classroom with one solely responsible teacher, general education classroom with one solely responsible teacher only, and a combination of both type of aforementioned classroom setting. Table 4 to 6 presents the results for these three different settings respectively. Table 4 shows the impact of teacher qualifications on special education students who have had at least one special education teacher. Teacher's qualifications effects are allowed to vary depending on the outcome of interests as demonstrated in the Equation (1). Similar to earlier literature on nondisabled students, female students with disabilities are less likely to drop out of school and more likely than male students to obtain diploma except special education diploma option 2. Black and Hispanic students and students in poverty are more likely to drop out of schools. Black and Hispanic students are more likely to obtain alternative diploma than white students. Students in poverty and black students are also less likely to obtain standard high school diploma. Previous literature has documented that Black students are at higher risk to be categorized into high-incidence categories of mild mental retardation, emotional disturbance, and learning disabilities (De Valenzuela, Copeland, Qi, and Park(2006) , Donovan and
Cross (2002)). To the extent that minority students are over-represented in special education, our finding may have implications on their future labor market earnings.
Compared with students with other disabilities, students with learning disabilities and emotionally disturbed students are more likely to drop out while students with physical disabilities are less likely to drop out. For mentally challenged students and emotionally disturbed students are less likely to obtain either types of special education diplomas. Students who spent less than 40% of their days with non-disabled peers are less likely to be awarded with either special education diploma or standard high school diploma.
Students who were taught by at least one special education teacher during their high school were included in Table 4 . In general, having a more qualified teacher in terms of years of experience, advanced degrees, and certifications will lead to lower drop out rate and higher rate of graduation. Specifically, having a teacher with less than three years of experience instead of a teacher with more than nine years of experience will increase the hazard of dropping out by 17.5% and reduce the hazard of obtaining a standard high school diploma by 9.1%. Exposure to a special education teacher with advanced degree translate to 5.7% decrease in the hazard of dropping out and 4.3% increase in the hazard of graduating with standard high school diploma.
Going from a uncertified teachers to a teacher certified in special education will lead to 77.8% increase in hazard of graduating with special diploma option 2 and 68.5% higher hazard rate of obtaining option 1 diploma. At the same time, certification in special education seems to be associated with worse outcome as measured in lower rates of alternative diploma and high school diploma and higher dropout rate. This may due to the fact that teachers certified in special education who are teaching these separate special education class may channel these students to certain diploma options such as special diploma option 1 or 2. Other possible explanation might be the selection bias. Interestingly, going from a uncertified teacher who is teaching special education classroom to a teacher who is certified in high school math will nearly triple(subhazard ratio=2.832) the hazard of graduating with a standard high school diploma. Table 5 report the competing risk Cox model results for students who were taught in general education math classrooms with at least one solely responsible teacher. Similar to Table   4 , better qualified teachers leads to better outcomes. Having a teacher with less than three years of experience leads to 24% increase in hazard rate of dropping out(17% in Table4) and reduce the hazard of obtaining a standard high school diploma by 3.7%(9.1% in Table 4 ). If a general education teacher have an advanced degree, the hazard of graduating with a standard high school diploma goes up by 3%(4.3% in Table 4 ). Similar to Table 4 , findings on the certification status is more nuanced. Certification in high school math leads to nearly 70% increase in the hazard of obtaining high school diploma (subhazard ratio of 1.689 compared to 2.832 in Table 4 ). Having a teacher who is certified only in special education will leads to 40.4% (68.5% in Table 4 ) increase in the hazard of obtaining special diploma option 1. Being certified in special education also translates into greater hazard of dropping out and lower likelihood of obtaining high school diploma. To the extent that principal or school administrators may selectively place certain students into certain teachers' classrooms, we would expect to see that certified special education teachers who are teaching general education math class may get a large share of special education students with more severe disability. These teachers may have more information concerning the different options available for special education students. Table 6 shows the kind of arrangement usually referred to in the literature as inclusive settings with supportive instruction in special education classroom. Compared to samples in Table 4 and 5, the number of observations is smaller in Table 6 . This might be due to the resource constraint faced by smaller school districts to hire enough teachers to teach in both general education math and special education math classrooms.
Most of the results in Table 6 are consistent with other two settings in Table 4 and 5. The exception is the coefficients for the certification status. For students who are mostly spending time in general education classroom, the effect of having a general education teacher certified in special education leads to better outcomes. Specifically, going from uncertified teachers to a teacher certified in special education nearly double the hazard of obtaining the standard high school diploma(suhazard ratio=1.996). This is in stark contrast with students who were taught in general education classroom only in Table 5 . General education teachers certification in special education reduces the hazard of obtaining high school diploma by 7 %(subhazard ratio=0.926).
Similar to Table 4 , going from a uncertified teacher to a teacher certified in high school math in the special education classroom leads to increase in hazard of getting alternative diploma and high school diploma. To summarize, certification in special education is important for teachers who teach general education classroom and that certification in high school math is important for teachers who teach special education classroom. From these results it seems that the skill complementarity is important in ensuring students' success in educational attainment. Table 7 presents the impact of being exposed to these high quality teachers on the subhazard of dropping out, obtaining special diploma or high school diploma. Each row of Table   7 focuses on a different measure of teacher quality and each column represents different outcomes for students. Each cell of Table 7 reports the subhazard ratio from a different specification. Overall high quality teachers lead to better outcomes for special education students. Having a high quality special education teacher leads to reduction in the hazard rate of dropping out by 4.9% and increase in the hazard rate of getting special diploma option 2 by 32.5% or option 1 by 23.3%. Having a high quality teacher in general education classroom setting leads to 40% lower in the hazard rate of dropping out and 28.5% increase in the hazard rate of high school diploma. Having either type of high quality teachers leads to reduction in the hazard rate of dropping out by 23.8% and increase in the hazard of getting high school diploma by 17%.
Competing risks Cox model assumes that drop out occur only once. However, anecdotal evidence and prior literature has demonstrated that students do return and finishing their high school (Tyler and Lofstrom (2009)). To investigate this phenomenon, we focus on those high school dropouts. Our data has 20,647 unique cases of dropout students. Among these, 15,666 students or 75% of the students would never return to school. Around 17 %( 3,484) would return to school to resume their study. About 560(2.68%) students would end up obtaining special education diploma. Another 503(2.41%) students will obtain standard high school diploma. This suggests there are potential for recovering some of these dropouts.
B. Propensity Score Matching Results
Jointly estimating the hazards of multiple outcomes is one of many nice features of the competing risks proportional hazard Cox models. However, to policymakers, the average treatment effect of having a high quality teacher is more important in making investment decision such as dropout prevention services for students and investment in the professional development of teachers. Table 8 presents the effect of high quality teacher in special education classroom or general education classroom on various outcomes. We also present the Ordinary Least Square (OLS) estimation results. The average treatment effect on the treated (ATT) is presented right below OLS results. To the extent that the first stage estimation of whether a student will be -treated‖ by a high quality teacher takes into account of the tracking, ATT address some of the selection bias. If there are any hidden biases that is not captured by the first stage estimation, ATT may still be plagued by selection bias.
In terms of dropping out, we notice that the sample average treatment effect (SATE) from the OLS estimation for being treated by high quality teacher in special education classroom is positive 1.73 percentage points. Such positive effect of high quality special education teacher on dropout might be due to compensatory matching between weaker students and more qualified teachers or selective placement based on students' disability categories and demographics. After matching on pre-treatment student demographics and course-taking patterns, the ATT is now negative 0.92 percentage points with treatment group dropout rate of 13.49% and control group dropout rate at 14.42%. These points out the importance of taking account of tracking based on students' disability categories, demographics and grade 9 course-taking patterns.
Similar story can be told about the effect of high quality general education teachers.
Without addressing the compensatory matching, student tracking and other selection bias, the effect of high quality teacher is estimated to be negative 6.39 percentage points with treatment dropout rate at 6.58% and control group dropout rate at 12.95%. The corresponding ATT estimate of the effect of having high quality general education teacher is negative 2.88 percentage points (6.58% treatment v.s. 9.46% control).
Having either type of high quality teachers is associated with 2.31 percentage points reduction in the probability of dropping out. It is worth pointing out that amongst these three different settings, the dropout rate for the special education classroom only students is the highest at 13.49% and that of general education classroom lowest at 6.58%. The hybrid setting dropout rate at 9.74%. This fits well with the broad literature in terms of placing students in different settings according to the disability type (Fletcher (2009 ), Fletcher(2010 ). Within each placement settings, there still exists some compensatory matching. Any selection bias that is not addressed by the first stage matching may still affect our results presented here.
High quality teachers in special education classroom translate into 6.76 percentage points higher probability of graduating with special education diploma option 1. The probability of graduate with special diploma 1 for treatment group is 35.57% compared to 28.82%. Without addressing the fact that some high quality teachers in special education classroom may be more familiar with all of the different options available for students, the naïve SATE from OLS estimator provide the difference between treatment and control group as 24.08 percentage points which is much higher than ATT estimates of 6.76 percentage points.
High quality teachers in general education classroom translate into 15 percentage points higher probability of graduating with standard high school diploma (treatment 52.31% v.s.
control 37.31%). It is important to note that the high quality teacher in general education is defined as being certified in high school math. The ATT estimate of high quality teacher in general education classroom echo the earlier conclusion in Table 7 .
Having either high quality teacher in general education classroom or special education classroom translate into 2.31 percentage points lower probability of dropping out, 2.11
percentage points higher probability of graduating with special education diploma option 1, 9.12 percentage points higher probability of graduating with diploma.
VI. Summary and Conclusions
Our preliminary analysis is the first to consider the relationship between the quality of high school teachers and educational attainment for students with disabilities. While an initial foray into a new area of research holds forth the promise of gaining insight into unexplored issues, it also comes with the challenge of tackling data and methodological issues that have not been dealt with extensively by others.
Using competing risks proportional hazard Cox model and propensity score matching, our paper provides some tantalizing suggestive evidence that the training of high school teachers have important effects on the outcomes of students with disabilities. In particular, we find fairly consistent evidence that drop out probabilities tend to decrease the greater the exposure of students with disabilities to veteran teachers with advanced degrees. When examined individually, special education certification seems to lead to higher dropout rate due to the compensatory matching of weaker students to teachers with stronger qualifications. At the same time, special education certification for teachers of special education classrooms also leads to higher probability of obtaining special education diploma. High school math certification for general education teacher leads to higher probability of obtaining standard high school diploma.
When examined as a bundle of teacher characteristics, we find that exposure to high quality teachers in special education classroom and/or general education classrooms leads to lower dropout rate for students with disabilities. Having high quality teachers in special education classrooms leads to greater likelihood of getting special diploma while exposure to high quality teachers in general education classrooms leads to greater likelihood of obtaining standard high school diploma.
Addressing the selection bias prevalent in any observational study like ours, we adopt propensity score matching method to obtain the Average Treatment Effect on the Treated (ATT) of being treated by our self-defined high quality teacher measure. The estimation from this section shows that high quality teacher makes a difference in terms of keeping students from dropping out and graduating with diploma. From our analysis, teachers' pre-service professional development plays an important role regardless of placement settings for students with disabilities. We suggest that any policy efforts aimed at improving outcomes for student with disabilities need to include the most important input in these students' education processteachers. 
